Peppermint grass, as a raw medicinal plant material, has great importance for the pharmaceutical industry. The influence of clonal micropropagation and chemotherapy has been established in vitro on six breeds of Ukrainian selection peppermint plants, in particular on the sprouts' conductive system structure and tissue development, general biomass accumulation, and in vivo productivity of breeds. The influence of clonal micropropagation and chemotherapy on important productivity indices of the plants has been established in vitro in six breeds of Ukrainian selection peppermint plants as pharmacopeial plants. The linear meter method, the microscopic method, the standard histochemical methods, and the statistical analysis method were used in the studies. A clear tendency to increase in the leaf cover, air-dry leafage and rhizome was observed in breeds of Ukrainian selection peppermint to which propagation and in vitro improvement technology was applied. The air-dry leafage yield significantly increased after in vitro culture from 7.6% in the Lidiia breed to 51.4% in the Chornolysta breed recognized as a state mint standard in Ukraine. The leaf cover increased from 8% to 21% in peppermint plants improved in іn vitro culture. This method promoted essential oil quantity increase from 9.8 to 28.6 kg per hectare. The rhizome yield increased by 6.3-40.4% in all peppermint plants breeds after improvement in in vitro culture on average within one vegetation year. The Lebedyna Pisnіa and Mama breeds were characterised by the most intensive development of all investigated anatomic and morphological indices after in vitro culture: rhizomes yield increased by 40.4% and 40.1%, air-dry leafage by 37.1% and 26.6%, leaf cover by 21.0% and 13.0%, and essential oil quantity per hectare increased by 38.1% and 28.5% accordingly. Anatomical and histochemical studies of sprouts of Ukrainian selection peppermint plants breeds confirmed increase in xylogenesis intensity in the majority of the studied breeds (except Lidiia and Ukrains'ka Pertseva) after in vitro culture improvement. The xylogenesis process was most expressed in the Mama and Chornolysta breeds. Air-dry leafage, rhizome yield, and leaf cover increased in all peppermint plants breeds after in vitro improvement, which could be critical for the pharmaceutical industry.
Introduction
Peppermint (Mentha piperita L.) is a widespread valuable essential oil medicinal cultivar, which is a source of pharmaceutical leaf and essential oil derivation. It is also a source of various components which are widely used in the chemical and pharmaceutical, perfume and cosmetic, confectionery, food, alcoholic beverage, tobacco, paint and coatings industries and medicine (Tkachenko, 2011) .
Essential oil morphological signs and component structure polymorphism are characteristic for peppermint breeds (or the Mentha species plants). Vegetative propagation by rhizome sections and sprouts is mainly used for propagation of this culture, but unfortunately this technique also promotes accumulation phytopathogens of various aetiology. There are several mechanisms that can be utilized for the protection of the plants, for example, multifunctional enzyme peroxidase participates in strengthening cell walls, protection from viral, bacterial and fungus pathogens (Rogozhin, 2004; Burhanova, 2006; Yusupova, 2006; Mehdi Talebi et al., 2018) . During hydrogen peroxide destruction it forms activated free radicals, which have antimicrobial characteristics. These radicals cause low-molecular phenol compounds' polymerisation, thus assisting in forming polymers, such as M-lignin and suberin (Hawkins & Boudet, 2003; Kawano, 2003) . Apart from peroxidise, polyphenol oxidases, laccases (phenoloxidases), phenylalanine ammonia lyase (PAL), pyro-catechin-o-methyltransferase, n-coumaroyl-CoA ligase, hydroxycinnamate-CoA ligase, cynnamoyl-CoA reductase, and cinnamyl alcohol dehydrogenase are key enzymes in M-lignin components synthesis. Basic quantities of M-lignin are synthesised during formation of the conductive elements of the xylem (Aleksandrova, 1994) . The lignification process leads to mechanical barrier build-up and promotes accumulation of phenol compounds toxic for pathogens. This process prevents spread of infection, limits water and nutrients exchange, and protects plants cells walls from action of hydrolytic enzymes of phytopathogens (Veljovic-Jovanovic, 2006) . Phenols, in turn, are oxidation-catalysed reaction co-factors of many peroxidase substrates, and participate in metabolic processes and defence reactions.
Currently, peppermint in Ukraine suffers from numerous viral diseases (Mishhenko et al., 2014) and the only realistic way to solve this problem is clonal micropropagation and improvement in in vitro culture using virucide Ribavirin (1-β-D-ribofuranosyl-1,2,4-triazole-3-carboxamide, "Sіgma-Aldrіch", USA) in 10 mg/L concentration (Таlаnkоvа-Sеrеdа et al., 2016) . Virus carrying testing by electron microscopy methods and biological testing perfomed by Mishchenko et al. (2016) with Ribavirin use has shown negative results. Adoption of in vitro technology for improving the health and micropropagation of plants allows one to receive plants identical to the parent breed, which are free from viral, bacterial and fungus pathogens. In field conditions intensive and homogeneous development with raised resistance to adverse conditions is observed. Plants have a more developed root system which is capable of fast growth and regeneration. Plantation exploitation durability is observed without yield decrease and signs of breed degeneration. Also the in vitro culture gives the opportunity to obtain in a short period a considerable quantity of homological progeny of industrially valuable breeds or breed samples and to reserve valuable genotypes. The peculiarity of peppermint as an essential oil plant is the presence of secretory structuresglands (trichomes). They are located on peppermint leaves and the caulis (Lange et al., 2000; Tissier, 2012) and secrete lipophile substances, namely essential oils, whose basic components are monoterpenes.
Menthol is the most important peppermint essential oil component. Its content depends on breed features, conductive system development, hormonal status, agrotechnical conditions of cultivation, plant age, etc. (Tanasіenko, 1985; Kіrіchenko, 2008; Knyazyuk & Kozak, 2017) . In our earlier research, we established the content of menthol and other major components of vegetatively propagated peppermint plants and plants after improvement in culture (Talankova-Sereda et al., 2018) .
The plant, as a functionally complex system, coordinates development of different tissues. It is established that phloem parenchyma participates in intercellular translocation of metabolites and biological synthesis of monoterpene precursors, and it is the basic place of isoprenoid biosynthesis (Burlat et al., 2004) . Besides, phloem parenchyma cells contain various inclusions: starch, crystals (Kuin', 2011) . These cells also play a key function in biosynthesis of different specific compounds, for example ABA synthesis (Endo et al., 2008) , protosystemin synthesis (Narváez-Vásquez & Ryan, 2004) and jasmonic acid synthesis, which influence phloem development and phloem parenchyma participation in lipid metabolism, and this is very important for essential oil cultures.
Morphological, anatomical and histochemical peppermint characteristics are an integral part of identification of raw medicinal plant material in order to establish its quality indices for the pharmaceutical industry. The microscopic diagnostics signs of raw medicinal plant materials for "peppermint grass" are specified in State Pharmacopoeia Requirements. These signs are form and size of epidermis cells, stomata type, presence and structure of trichomes, presence of essential oil glands and crystal inclusions and also disposition peculiarities of mechanical and conductive tissues (The State Pharmacopoeia of Ukraine, 2014).
Therefore the aim of the work is to establish the influence of clonal micropropagation and improvement of the health of peppermint plants through in vitro culture on structure and development of conductive system tissues of sprouts, general biomass accumulation and productivity of breeds in vivo.
Materials and methods
The research objects are the peppermint (Mentha piperita L.) plants of the Lebedyna Pisnіa, Lubenchanka, Lidiia, Ukrains'ka Pertseva, Mama, Chornolysta breeds, which have been propagated by the vegetative method, and these same breeds after improvement in in vitro culture with the use of chemotherapy. The Lebedyna Pisnіa breed is cultivated for pharmaceutical leaf derivation and for essential oil processing. The Lubenchanka breed is used for chemical and pharmaceutical industry technical purposes -essential oil and menthol derivation. The Lidiia, Mama, Chornolysta breeds are used for pharmaceutical leaf derivation and for producing herbal medicinal mixtures and herbal teas. The Chornolysta breed is the oldest cultivated breed in Ukraine and has been grown under industrial conditions for a long time (Grodzіns'kij, 1992; Shelud'ko, 2004) . The peppermint caulis is upright, with the height about 1 m, tetraquetrous, densely leaved, heavily branched. A characteristic of the Mama breed is the considerable quantity of inflorescences quantity on the plant (15% of the plant's above-ground weight).
The research was conducted in July-August 2017 in the "Problem research laboratory of phytovirology and biotechnology of the National University of Life and Environmental Sciences of Ukraine" within the framework of the scientific theme "Biotechnological foundations of Lamiaceae family essential oil plants propagation for obtaining highquality planting material " (state registration number 0116U001994).
In vitro isolated tissues and organs culture and chemotherapy methods have been used for peppermint improvement. For this we used Murashige & Skoog (1962) nutrient medium modification with 0.75 mg/L BAP, 0.1 mg/L adenine, 0.05 mg/L indolebutyric acid (IAA) and 0.5 mg/L gibberellic acid (GA) growth regulators and virucide Rіbavіrіn (1-β-Dribofuranosyl-1,2,4-triazole-3-carboxamide, "Sіgma-Aldrіch", USA) in 10 mg/L concentration addition during the second passage from the beginning of aseptic culture introduction . The plants were cloned on МS nutrient medium with the similar composition without virucide addition after the chemotherapy, and were then rooted. These plants were adapted to in vivo conditions during the month.
Six experiments were conducted by the transplantation method in quadruple repetition annually from 2015 till 2018 in field conditions in Lubensky district of Poltava oblast in the territory of the Research Station of Medicinal Plants of the Institute of Agroecology and Nature Management of NAAS of Ukraine. Peppermint Lebedyna Pisnіa, Lubenchanka, Lidiia, Ukrains'ka Pertseva, Mama, Chornolysta breeds were tested in these experiments. The above mentioned breeds are registered in the Register of Breeds Suitable for Distribution in Ukraine (Derzhavnij reеstr sortіv roslin pridatnih do poshirennja v Ukrajinі, 2019). Two variants were tested: the first control variant was made with planting material for each breed, which was vegetatively propagated and not improved; in the second variant (experimental) planting material improved by clonal micropropagation and chemotherapy was used.
The experimental plots were five-row. The length of one row was 10 m. The total plot area was 23 m 2 . The distance between plants was 20 cm (250 plants on a plot). Border strips were made with that same breed which has been tested in experiment. Lateral border strips were 0.9 m (by two rows), the border strip length before experiment and after experiment was 2 m. Observations and recordings were made after establishment of the trial. Phenological observations were made visually for the total quantity of plants on a plot. The edaphoclimatic conditions of the region in which the research was conducted are considered to be productive for peppermint propagation.
Raw material yield recording was performed in the mass blossoming phase by the linear meter method (Moloc'kij et al., 2006 , Eshhenko et al., 2014 . The rhizomes yield was assessed in autumn after the vegetative period end. Rhizomes' excavation was done on that part of the plot where collection of the above-ground part of the plantt was not done. Raw material collecting is not allowed in seed farming practice, when the planting material is grown. Cutting the above-ground part has a negative effect on the quality of the rhizomes due to outflow of nutrients through regrowth of the aftergrass. The dug up rhizomes were separated from the parent plant and weighed. Then recalculation on unit area was carried out and the rhizomes yield determined.
Histochemical and anatomical examination of the sprouts was perfomed on transversal sections of native preparations of caules, which were made in a midsection between 2 and 3 nodes. Native preparations were studied by means of microscope Nikon Eclipse E-200 (Japan).
Starch, peroxidase and M-lignin components localisation in the sprouts was defined by the standard histochemical methods (Furst, 1979; Pausheva, 1988) . Staining for detection of starch was performed using Lugol's solution, for peroxidase detection -using benzidine (Kleyn & Kleyn, 1974) , for M-lignin detection -using potassium permanganate, 1 M chloric acid, ammonium hydroxide.
Data photographic documentation was performed by means of software Camera Control Pro 2 (Nikon Corporation, Japan). Analysis of metric indices of the peppermint sprouts' structure was performed with use of specialised software Image-Pro Premier 9.0 (Media Cybernetics, USA).
The results were statistically analyzed in the Statistica 10.0 (StatSoft Inc., USA) program pack. The tables and figures show the arithmetic mean values and their standard errors (x ± SE). The reliability of the differences between the samples was evaluated using the single-factor dispersion analysis ANOVA. The Bonferroni pairwise test was carried out after ANOVA for the determination of significant differences (P < 0.05) between the means of the values obtained for each groups. Correlations between the obtained indices were determined using the Spearman non-parametric criterion.
Results
The peppermint plants' sprout stem was tetraquetrous in all tested breeds. The conductive system was of collateral type, phloem located towards the caulis periphery, and xylem -to the centre. The peculiarity of peppermint as an essential oil plant is the presence of secretory structures located on the plant's leaves, sprouts and rhizomes. The epidermis has induviate and glandular hairs. Induviate hairs are lengthened multicellular, have from 3 to 8 cells. Glandular hairs consist of three cellsbasal, cell -stalk, small head. According to literature data, two glandular trichomes types are characteristic for Mentha species representativessmall capitate glandular trichomes, which consist of single-celled stalk and capitate cell; and also glandular trichomes, which have a rounded small head. This small head is an eight-celled apical cluster of glandular cells, where essential oil is accumulated. Glandular trichomes with singlecelled small head and multicellular non-glandular trichomes were revealed in all tested breeds (Fig. 1 ). Epidermal cells are of the lengthened shape with an easily noticeable cuticle. Collenchyma forms a dense ring in the peppermint primary cortex, which on the ribs forms 10-12 rows of tissue cords. Collenchyma cell walls have thickenings at the corners. These thickenings with neighbouring cells walls form triangles and pentagons. Well organized opened collateral fibrovascular bundles are more developed on the sprout edges. A single-layered epidermis is seen on the peppermint sprout transversal section. It consists of rectangular cells with the thickened external cell wall (Fig. 2) .
Research on the height of the epidermis of vegetatively propagated and after іn vitro culture peppermint sprouts shows that epidermis thickening is characteristic for the majority of improved breeds, except Lubenchanka and Chornolysta breeds ( Fig. 3) .
Statistically significant increase in epidermis height was observed in two breeds: in the Lidiia breed by 8.5%, in the Mama breed by 16.8%. The epidermis height statistically significantly decreased by 8.9% in the Lubenchanka breed and by 12.1% in the Chornolysta breed.
The histochemical reaction of the tissues was observed at staining of fresh sections with benzidine. This reaction testifies to peroxidase localisation -dark blue colour (Fig. 4) . The enzyme shows the greatest activity in phloem tissues, collenchyma and cortex cells. More intensive staining was observed in vegetatively propagated plants (Fig. 4a) , the reaction to peroxidase was weaker in the improved peppermint plants in іn vitro culture (Fig. 4b) . The secondary xylem of the caulis is of the diffuse-porous type. The histochemical reaction of the vessels' cell walls to M-lignin was observed in the peppermint sprouts' second internode. In all peppermint breeds more intensive staining was observed in the unimproved vegetatively propagated plants (Fig. 5 ). Fibrovascular bundles on the edges have a phloem to xylem ratio 1 : 3 in the majority of vegetatively propagated peppermint plants. The majority of peppermint breeds preserved a phloem to xylem ratio 1 : 3 after propagation and іn vitro improvement, and in two breeds, Mama and Lubenchanka, it changed to 1 : 4. Change in cortex, xylem and phloem thickness was observed in peppermint plants after іn vitro improvement in comparison with vegetatively propagated plants (Table 1) .
The cortex thickness decreased in the Lebedyna Pisnіa, Mama and Chornolysta breeds, and a tendency to increase was observed in the Lidiia and Ukrains'ka Pertseva breeds. This index did not change in the Lubenchanka breed. The xylem thickness increased in the majority of the peppermint breeds after cloning except the Lidiia and Ukrains'ka Pertseva breeds. The phloem thickness increased only in two breeds -Ukrains'ka Pertseva and Mama. This index did not change in the Chornolysta breed and decreased in the Lebedyna Pisnіa, Lubenchanka and Lidiia breeds. Analysis of the ratio of xylem/cortex and xylem/phloem in vegetatively propagated and cloned plants showed increase in the xylem to phloem ratio in the Lebedyna Pisnіa, Lubenchanka, Mama and Chornolysta breeds. Xylem to phloem ratio decrease was observed in the Lidiia and Ukrains'ka Pertseva breeds. Xylem to cortex ratio increased in the Lebedyna Pisnіa, Lubenchanka, Mama and Chornolysta breeds. In other breeds (Lidiia and Ukrains'ka Pertseva) it decreased (Fig. 6) .
It is established that metaxylem vessels diameter statistically significantly changed in vegetatively propagated plants and plants improved in іn vitro culture in the Lebedyna Pisnіa, Mama, Lubenchanka and Chornolysta breeds (Fig. 7) . The metaxylem vessels diameter considerably decreased in the Lebedyna Pisnіa and Mama breeds after іn vitro clonal micropropagation, and increased in the Lubenchanka and Chornolysta breeds.
The economic value of peppermint breed plants, as essential oil culture, is due to air-dry leafage yield (kg/m 2 ), which significantly increased in all breeds after in vitro culture from 7.6% in the Lidiia breed to 51.4% in the Chornolysta breed. Besides, rhizome yield increase was observed by 6.3-40.4% after improvement. Significant increase of these indices led to increase in essential oil quantity per hectare from 9.8 to 28.6 kg, that is 11.6-54.4% in percentage ratio (Table 2) . Important parameters of productivity of peppermint as a medicinal plant, which is a source of obtaining medicinal leaves and essential oil, are air dry leaf yield, leaf cover and amount of essential oil. Data analysis has shown that essential oil quantity increased from 9.8 to 28.6 kg per 1 ha in peppermint plants improved in іn vitro culture. Leaf cover, which is the ratio of the leaves' weight to general peppermint aboveground weight increased after clonal propagation from 8% to 21%. The highest increase in this index was for the Lebedyna Pisnіa breed. Rhizome yield was lower by 6.3-40.4% in all peppermint plants breeds control variants. The most meaningful rhizome yield increase is noted in the high menthol Mama and Lebedyna Pisnіa breeds, 40.1% and 40.4% accordingly, in the Lidiia breed this increase was minimal -6.3%. Rhizome yield increased from 8.4 to 70.2 kg in terms of the equivalent amount per hectare. Multiple correlation analysis by 12 indices revealed close interrelations between such indices as xylem thickness to сortex ratio and xylem thickness to phloem ratio (Table 3) .
The correlation coefficients given in the above table imply the presence of authentically significant interrelations between indices, in particular (P < 0.001) correlation coefficients between menthol and xylem/ cortex ratio, and also between menthol and rhizome yield are highly significant.
At the same time, correlation analysis performed on peppermint plants after clonal micropropagation in in vitro culture, for the same indicators as in vegetatively propagated plants, revealed more and closer interrelations between the indices (Table 4) . Moreover, the quantity of highly significant (P < 0.001) correlation coefficients, including between cortex and epidermis height, xylem and foliage, menthol and rhizome yield, considerably increased. 
Discussion
Phloem to xylem ratio was 1 : 3 in peppermint plants breeds before and after іn vitro improvement, and in two cultivars Mama and Lubenchanka it was 1 : 4. This data differs from the Likars'ka-4 breed study data, in which the ratio 1 : 6 is characteristic (Rusetskaya & Antsyishkina, 2016) . It should be noted that cortex thickness decreased against xylem thickness, which has significantly increased in four breeds. It is important to emphasize that among the trees tested by us only Lebedyna Pisnіa and Mama breeds are high in menthol, which facilitates activation of terpene synthesis and their accumulation in leaves, and significant yield increase in raw materials of peppermint plants breeds was observed in consequence of improvement. It is not unlikely that high content of menthol and other terpenoid structure compounds is related to the cells' differentiation in sprouts, which does not contradict studies (Klee, 1991) in which xylogenesis intensification under control of auxin type enzymes was found.
The greatest essential oil quantity was observed in the peppermint breeds Lebedyna Pisnіa, Lubenchanka and Mama and was 3.84%, 4.02% and 3.98% respectively, as was stated in our previous research (Talankova-Sereda et al., 2018) . This has great value for these breeds which are cultivated in Ukraine for derivation of essential oil as the basic product.
Whereas content of menthol and other terpenoids influences differentiation processes of cells in sprouts, it is necessary to compare data about menthol content and metaxylem vessels diameter. In previous research, Ukrainian selection peppermint breeds differed by menthol content in essential oil (Talankova-Sereda et al., 2018) . In three high menthol peppermint breeds the metaxylem vessel's diameter decreased after cloning in comparison with vegetatively propagated plants: in the Lebedyna Pisnіa breed mentol content ranged from 70.1% in vegetatively propagated plants to 74.1% in improved (70.1% /74.1%), in the Mama breed (72.0% /72.6%), in the Lidiia breed (60.5% /61.4%); the high menthol Lubenchanka breed is an exception, its metaxylem vessels' diameter increased and mentol content was 68.0% /68.8%; in two low menthol breeds, Ukrains'ka Pertseva (38.4% /44.2%) and Chornolysta (30.7% /33.3%) metaxylem vessels' diameter increased (Talankova-Sereda et al., 2018) .
The Lebedyna Pisnіa and Mama peppermint breeds were produced by selection in Zhovtneva hybrid seed generation, but cortex thickness significantly increased in cloned plants of the Mama breed (Р < 0.01).
The Chornolysta breed was produced by unitary selection from genesic generation of English mint more than thirty years ago, therefore it was rather stable by cortex and phloem thickness, but xylem thickness after application of the in vitro method increased (Р < 0.05).
Xylem to cortex ratio and phloem to xylem ratio indices fluctuated in different breeds from 2.3 to 4.7. Phloem to xylem ratio index increase testifies to the adaptive strategy of the plants to their immediate environment. All sections of histochemical preparations of improved іn vitro culture plants had less intensive staining by peroxidase and M-lignin in comparison with vegetatively propagated plants. Therefore one can assume that improved plants contain fewer infectious agents as they have undergone chemotherapy and have been propagated in sterile conditions, they are more resistant to biotic and abiotic factors, thereby they have decreased intensive synthesis of peroxidase, as antioxidant, which activates in consequence of stresses (Andreeva, 1988; Lagrimini et al., 1997; Kazan et al., 1998; Sasaki et al., 2002) . It is considered that peroxidase and lignin quantity increases at viral infection penetration, and this promotes protection against pathogens (Burhanova, 2006) . Peroxidase activity is also closely associated with cell walls' lignification (Rogozhin, 2004) , which was less pronounced in peppermint plants after in vitro culture, unlike yearling Iris sibirica plant-regenerants, which by contrast differ by high M-lignin content (Tikhomirova et al., 2018) .
In all Ukrainian selection peppermint plants breeds after improvement and micropropagation in in vitro culture, a clear trend to leaf cover and yield increase was observed. In our research, the greatest air-dry leafage has been observed in the Chornolysta breed after improvement in in vitro culture, which increased yield by 720 kg/ha, 51.4% greater than in vegetatively propagated plants.
Positive correlation between epidermis height and сortex thickness indices and negative correlation between epidermis height and xylem/ сortex and xylem/phloem ratios was revealed in plants, insofar as caulis secondary thickening occurs as a result of depositing by cambium of elements of the conductive system, primarily xylem, whereas epidermis cells and cortex parenchyma thickness almost do not change. Such correlation indices specify more intensive secondary growth in improved plants. Positive correlation between morphometrical indices of epidermis cells height and cortex thickness in plants after improvement in in vitro culture also characterises coordination or orderly growth and stretching of cells (Kuriyama & Fukuda, 2001; Fukuda & Ohashi-Ito, 2018) .
Positive correlation between xylem thickness and leaf cover is revealed in improved plants, whilst this index in vegetatively propagated plants significantly less, which in addition indicates more intensive development and growth of in vitro propagated plants.
The general feature of the Lidiia and Ukrains'ka Pertseva peppermint plant breeds is reduction in xylem thickness after in vitro culture. By this fearture they differed from the other tested breeds. Lidiia breed yield increased by 200 kg/ha (7.6%), Ukrains'ka Pertseva breed by 530 kg/ha, which is 34.9%. Correlation coefficients, which defined close interrelations between xylem thickness and leaf cover (r = 0.90) and leaf yield and leaf cover (r = 0.88 against r = 0.76), considerably increased when excluding them from the general correlation analysis (when correlation analysis was conducted between indices of all tested samples).
A close interrelation between general rhizomes' weight and menthol content in leaves deserves special attention. After in vitro culture this index appeared to be at the level r = 0.96, and in vegetatively propagated plants it was high enough (r = 0.94). Inverse interrelation between rhizome yield and menthone content (r = -0.81) was observed in vegetatively propagated plants, which was caused by the fact that this product is a menthol precursor. Negative correlation (r = -0.68) between rhizome yield and menthone content in improved plants appeared due to the greater quantity of the end product of synthesis (menthol).
Xylem thickness increase is usually associated with the high auxin content in tissues, which differentiate, and formation of vessels with smaller diameter (Evert, 2016; Fukuda & Ohashi-Ito, 2018) .
In general, the correlation coefficient between menthone and menthol in in vitro culture improved plants is -0.89, while in vegetatively propagated plants it is -0.64, which confirms the advantages of clonal micropropagation over traditional propagation.
In vitro culture promoted weight increase of rhizomes by 27.0% on average in all tested breeds within one vegetation year. Rhizome weight increase testifies to high assimilation and assimilants outflow of the above-ground part with formation of reserve substances. Simultaneously, general mass increase of leaves is directly associated with the plants' total assimilation surface area and, accordingly, leads to increase in the amount of products available for terpenoid synthesis in phloem tissues with their subsequent transport to glandular structures -trichomes (Tissier, 2012), which positively influences derivation of target products from vegetative raw materials. This is confirmed by data about increase in quantity major of components in improved plants (Talankova-Sereda et al., 2018) .
Consequently, anatomical and histochemical studies of sprouts of Ukrainian selection peppermint plants breeds reveal certain principles associated with passage of plants through in vitro culture. First of all, they are associated with increased intensity in xylogenesis (except for the Lidiia and Ukrains'ka Pertseva breeds). The most expressed process of xylogenesis increase was observed in the Mama and Chornolysta breeds, and the latter had maximally increased raw materials yield by 51.4% after improvement.
The Lebedyna Pisnіa and Mama breeds, which are characterised by the most intensive development on almost all tested anatomical and morphological indices after in vitro culture, showed rhizomes yield increase by 40.4-40.1%, leaf cover by 21.0% and 13.0%, leaves yield by 37.1% and 26.6% accordingly.
It should be noted that essential oil quantity also increased in all plant breeds after in vitro cultivation (Talankova-Sereda et al., 2018) , while there was also increase in sprouts' branching and leaf cover increase, and accordingly, greater quantity of inflorescences, which is obviously associated with improvement.
Conclusions
The Lebedyna Pisnіa and Mama breeds are recognised as the most effective breeds, and this makes it possible to recommend them for industrial cultivation. Improvement considerably improved the productivity of best state breed Chornolysta, which increased its air-dry raw materials yield by 51.4% and essential oil quantity per hectare by 54.4%. Anatomical and histochemical features changes in in vitro cultivation conditions are cultivar-specific and appear within the genotype. We confirmed the advantages of improvement in in vitro conditions and clonal micropropagation over peppermint traditional vegetative propagation by significant increase in the following indices: essential oil quantity, air-dry raw materials and rhizome yield, leaf cover, xylogenesis intensity. Correlation indices indicate more intensive secondary growth in improved plants. Positive correlation between xylem thickness and leaf cover in improved plants was revealed. This additionally indicates more intensive development and growth of plants propagated in vitro.
